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In vitro and in vivo anti-retroviral activity of the substance purified
from the aqueous extract of Chelidonium majus L.

Marijan Gerenčer ∗, Peter L. Turecek, Otfried Kistner, Artur Mitterer,
Helga Savidis-Dacho, Noel P. Barrett

Biomedical Research Center, Baxter AG, Uferstrasse 15, A-2304 Orth/D., Austria

Received 5 October 2005; accepted 22 March 2006

Abstract

We have isolated a substance with anti-retroviral activity from the freshly prepared crude extract of Chelidonium majus L. (greater celandine) by
9-aminoacridine precipitation method and ion exchange chromatography using Dowex-50W/H+ resin followed by the gel filtration on Sephadex-
75 column. Elemental and phenol/sulfuric acid method analyses as well as the mass spectrometry of the purified substance indicated that it may
represent a low-sulfated poly-glycosaminoglycan moiety with molecular weight of ∼3800 Da. The substance prevented infection of human CD4+
T-cell lines AA2 and H9 with HIV-1 at concentration of 25 �g/mL as well as the cell-to-cell virus spread in H9 cells continuously infected with
HIV-1, as determined by the measurement of reverse transcriptase activity and p24 content in cell cultures. Furthermore, we have shown in a
murine AIDS model that the treatment with purified substance significantly prevented splenomegaly and the enlargement of cervical lymph nodes
in C57Bl/6 mice chronically infected with the pool of murine leukemia retroviruses. The mechanism(s) of anti-retroviral activity of this substance
have to be elucidated.
© 2006 Elsevier B.V. All rights reserved.
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A variety of plant products are being used by Acquired
Immune Deficiency Syndrome (AIDS) patients in some coun-
tries without any experimental evidence of anti-HIV-1 activity,
like garlic, ginseng, shiitake mushrooms, papaya, etc. (Mills et
al., 2005). Only a few plant-derived anti-HIV-1 products have
been used in a limited number of patients with AIDS after in
vitro experimental studies that were carried out to provide infor-
mation on the anti-HIV-1 activity of the substances isolated from
the plants such as Viola yedoensis, Arctium lappa, Epimedium
grandiflorum, Glycyrrhiza uralensis, Prunella vulgaris, Spir-
ulina platensis and Castanospermum australe (Ito et al., 1987;
Tabba et al., 1989; Yao et al., 1992; Vlietinck et al., 1998).
However, their effectiveness in vivo against HIV-1 has not been
established as yet because of the poor bioavailability, short life
time or unfavorable anti-coagulant activity.

C. majus L. (greater celandine) is being used in a traditional
medicine for many centuries. The commercial drug (Cheli-
donii herba) consists of the dried aerial parts harvested when

∗ Corresponding author. Tel.: +43 1 20100 4017; fax: +43 1 20100 4000.
E-mail address: gerencm@baxter.com (M. Gerenčer).

blooming. The drug is described in several European pharma-
copoeias and contains various isoquinoline alkaloids, flavonoids
and phenolic acids that exhibit multiple biological activities,
such as antiviral, antitumor, antibacterial/antifungal or anti-
inflammatory effects (Colombo and Bosisio, 1996; Jang et al.,
2004; Pieroni et al., 2005). Antiviral effects of Chelidonium
extracts are mainly due to the presence of alkaloids, like pro-
toberberine and benzo-phenanthridine, which exhibit also some
anti-reverse transcriptase activity (Tan et al., 1991; Habermehl
et al., 2006).

We have collected the aerial parts of C. majus L. during
the blooming period. The crude extract was obtained from the
freshly macerated plant after pressing and removing cell detri-
tus by several centrifugation and filtration procedures. Direct
application of the crude extract on the fast protein liquid chro-
matography (FPLC)-gel filtration Superose-12 column revealed
four main peaks that included fractions 19–20 (Pool 1), 21–22
(Pool 2), 23–30 (Pool 3) and 58–64 (Pool 4). Pooled fractions
were lyophilized and kept at 4 ◦C until use. It was also possi-
ble to purify the active substance detected in pool 2 by mixing
the crude aqueous extract with 9-aminoacridine·HCl to the final
concentration of 0.5% and subsequent incubation on a shaker
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at room temperature for 1 h. The mixture was centrifuged for
20 min at 20,000 rpm and the pellet was resuspended in a distilled
water and shaken with Dowex-50W resin (H+ form, 100–200
mesh, Sigma) for 1 h. After centrifugation at 20,000 rpm for
15 min, pH of the supernatant was adjusted to 7.6 by addi-
tion of aqueous sodium hydroxide before being applied to a
Sephadex G-75 chromatography column to remove the resid-
ual 9-aminoacridine. The substance was eluted and lyophilized,
and the purity of the substance was 98% as determined by FPLC
Superose-12 column.

Pooled fractions were tested in vitro for anti-HIV-1 activity
using human CD4+ AA2 cell line that is extremely sensitive to
HIV-1 infection. Infected cells form syncytia, undergo apoptosis
and die 9–14 days post-infection. AA2 cells were infected with
different HIV-1 TCID50’s in the presence of pooled Chelidonium
fractions and cultured for 10 days at 37 ◦C. Only the substance in
pool 2 (ChM-P2), which was identical to the substance purified
by 9-aminoacridin precipitation, prevented HIV-1 infection and
virus-induced syncytium formation as well as the subsequent
cell death, as determined by trypan blue dye exclusion assay
and cell proliferation. Pool 1 and pool 3 exhibited no activity,
whereas pool 4 was found highly toxic to AA2 cells even at
lower concentrations (Table 1).

We have also demonstrated that the pre-treatment of
2.5 × 105 TCID50 HIV-1IIIB with 25 �g of ChM-P2 prior to
the mixing with CD4+ H9 cells prevented infection of cells as
determined by the measurement of reverse transcriptase (RT)
activity and p24 level in the cell cultures on days 8, 16, 21, and
28 (Table 2). At concentrations higher than 100 �g/mL, ChM-
P2 substance exhibited a substantial cytotoxic effect in cultured
AA2 and H9 cells as well as significant inhibition of mitogen-
induced proliferation in normal human lymphocytes (data not
shown).

Table 2
Reverse transcriptase activity and p24 content determined in H9 cell cultures
after 8, 16, 21, and 28 days of infection with 2.5 × 105 TCID50 of HIV-1IIIB

pre-treated with different fraction pools of C. majus L.

2.5 × 105 TCID50

of HIV-1IIIB

RT assay (×103 median cpm) p24 ELISA

Day 8 Day 16 Day 21 Day 28 Day 28

Non-treated control 489.68 559.28 834.34 703.10 Positive
ChM-P1 508.62 406.92 768.36 782.20 Positive
ChM-P2 31.51 4.35 1.02 0.74 Negative
ChM-P3 148.95 602.76 793.12 957.38 Positive
ChM-P4a 6.57 ND ND ND ND

The mixtures of 2.5 × 105 TCID50 HIV-1IIIB and 25 �g of each Chelidonium
fraction pool were added to 4 × 106 CD4+ H9 cells in 1 mL RPMI 1640 medium
supplemented with 10% fetal calf serum and incubated for 1 h at 37 ◦C. Sub-
sequently, cells were transferred into the tissue culture flasks and incubated for
4 weeks in 5 mL medium at 37 ◦C. After 8 days of incubation, 50% of the cell
suspension in each flask was removed every 3–4 days and replaced with fresh
medium. RT activity in cell cultures was determined on days 8, 16, 21, and 28
using the method described previously by Boulerice et al. (1990). Results wae
expressed as median cpm (min−1). The presence of p24 antigen in cell cul-
tures was determined on day 28 by ELISA according to the instructions of the
Manufacturer (Abbott Laboratories). ND: Not done.

a Toxic to H9 cells.
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